
150 ' 

P. Y. 
A p r . 6  

13 
21.. 

M o n t h l y  
means 

Depar tu re  
horn?- ear 
norma[ 

55/. 5 9 0 .  

............. 1.43 1.33 1.R 1.14 .................................. ............. 1.40 ....................................................... ........... 1.19 ....................................................... 
............ 1.34 (1.33) (1.23) (1.14) .................................. 

.......... +0.06 +0.11 +0.10 +O.M .................................. 

MONTHLY WEATHER REVIEW. 

A. Y. 
Apr .8  ...... 1.62 1.46 1.31 1.20 1.07 

9 ._..__ 1.61 1.48 i.3a 1.20 1.08 
21 ............. 1.38 1.16 1.12 0.93 

M o n t h l y  
means ..... 1.43 1.26 1.17 1.03 

+LO2 HI.00 +LO -0.02 
P. Y. 

Apr.18 1.01 0.87 0.79 
M o n t h l y  

means (1.01) (0.87) (0.79) 
D e w  t ur e 

Irom?-year 

.................... 
................... 

.................. normal -0.11 -0.14 -0.14 

SECTION I.-AEROLOGY. 

1-00 a89 0.81 ...... 
1.00 a s  ass a 7 6  __.___ 
0.80 a 7 1  a65 aeo ...... 
0.93 0.87 0.80 0.72 ...... 

--LO3 f0.W -8.05 &ROO ..__._ 
........................... 0.67 

(0.67) ........................... 
........................... -0.18 

SOLAB AND SKY RADIATION MEASWEXENTS DWWG APBIL, 1917. 

By HEI~BERT H. KIMBALL, Professor of Meteorology. 
[Dated: Washington, D. C., May 25,1917.1 

3.5 4.0 

eal. cal. 

a 7 a  1x13s 

a s  
0.72 a 5 7  

0.55 

0.51 O.M 

0.68 0.57 

For a description of instrumental exposures and an 
account of the methods of obtaining and reducing the 
measurements the reader is referred to the REVIEW for 
January, 1917,45:2. 

The month1 means and departures from normal values 

radiation aver ed below normal intensity at  Washing- 

at  Madison, WH., and very close to normal at  Lincoln, 
Nebr. There were comparatively few clear days at  any 
of the stations, and the series obtained at  Madison on 
the afternoon of the 6th and the morning of the 13th 
are the only two that are good enough to permit of 
extrapolation to zero air mass. These two seriea give 
1.96 and 1.81, respectively, for the value of the solar 
constant. 

Table 3 shows on1 unimportant departures from 

8 er cent at Madison, and of 20 per cent at  Lincoln. 
Ekylight polarization measurementa a t  Washington 

give a mean of 56 per cent, with a maximum of 66 per 
cent on April 10; and at  Madison, a mean of 57 per cent, 
with a maximum of 67 er cent on the 13th. These are 

in Table 1 s c ow that during April, 1917, direct solar 

ton, D. C., and 3 anta Fe, N. Mes., slightly above normal 

normal radiation a t  d ashington, a deficiency of nearly 

very close to average v 3 ues for April. 

TABm I.-Solar radish ~ntmdka during April, 1917. 

[C+ram+alorles per minute per square centimeter d nOrmal surfam.] 

Washlngton, D. C. 

4.5 s.0 I 5.5 

eal. eal. eal. 

a s  a 5 7  ...... 

........................... 
.................... 

----- 
................................. ................................. ................................. 

........................... ................................. 
................................. 
................................. 

0.41 0.38 ...... 

(0.52) (0.48) ...... 

I Sun's zenith distance. 

A. Y. 
:.4 .............. 

Q io ....... 
11 

IT 
2a ....... n 

7 ....... 

14 
16 .............. 

30 

1 1.0 1 1.5 I 2 0  I 2 5  I 3.0 

eal. cal. eal. eal. cal. 
i.ai 1.12 .............. 

1.35 ........................... .............. 1.44 1.m ............. 
1.40 1.19 1.17 ass an .............. i.oa 0.83 a 7 1  0.83 

.............. 0.92 a81 a 6 7  a s  1.u 1.13 1.00 ass 0.75 .............. am .................... 

..................... a 9 7  aa ...... .................... 1.10 

.............. 1.00 ass 0.n 0.58 

I . .  
a0 ...... 
3 
24 ...... 
26 .w ...... 

M o n t h l y  
means _..__ 

a1 ._____ 
a5 

.... 

........... 1.11 ................................................. 
1.18 "i..ifl 1.38 ........ 1.a 1.16 1.13 1.10 1.04 ...... 
1.43 1.37 1.29 1.84 1.m 1.15 1.10 1.m am ._._._ 

.................... 1.20 1.11 1.m a w  0.w 0.57 0.83 a 7 7  

............. 1.34 1.m .............. 1.11 1.08 1.05 ............. ............. 1.41 ....... 1.26 1.22 1.m 1.15 1.09 1.03 

1.44 .............................................................. 
1.44 1.10 1.30 1.19 1.16 1.11 1.06 1.02 0.95(0.77) 

.................... .................................. 1.15 1.10 1.07 

P. Y. 

lo.... Apr. a 
-0.11 

1.18 

1.08 
1.09 

1.05 

-0.06 -0.04 -0.04 -0.04 -0.02 -0.02 ...... 
1.08 1.00 0.93 ........................... 
1.m a s  .................................. 
0.88 a 8 3  .................................. ................................................ 

-0.12 

0.48 

(0.48) 

-0.21 

-a 14 -0.19 -0.19 ...... 

................................. ....... 0.37 0.35 ...... 

....... (0.37) (0.35) ...... 

....... -0. I3 I-.-. ......... 

Amq, 1917 

M o n t h l y  

D e p  ar ture 
from% ear 

means 

nQmJ 

TABLE l.--*solar radiation intmsitics during April, 1917-4ontinued. 
Madlson, Wla 

............ (1.30) (1.03) (0.66) (0.16) 

........... +0.22 +&At -0.23 -0.n 

A. u. i tal. 1 cat. 1 cai. 1 cal. 1 cal. I tal. I cat. I eat. I cal. 1 cat. 
.ipr. 2 ....... 1.57 1.45 ....................................................... ....... .................... 8 1..3 1.44 1.37 1.28 1.1s 1.15 1.11 

9 .............. 1 . 1  I...;... " i : ~  ......................................... 

I..i.m./-.~;9./-.~~.(:::::::I:::::::(:::::: ..................... 12 1 16 0.9a .................................. 
18 ....... 1.51 n ...... 1 1.35 1 :::: 1 :::: 1 

M o n t h l y  

from7 ear 
Depar tu re  means ..... 11.501 1.371 1.261 1 .18~  ~ . 0 5 ~ 1 . 0 6 ) ~ ( 1 . 0 0 ) ~  ....... 1 ....... 1 ...... 

norm2.  .. +o. 12 +O.M +O.M +o.os -0.05 -O.M -0.04 .................... 

Lincoln, Nebr. 

Santa Pe, N. Mex. 
-~ I I I I I 

A. W. 
Apr. S_ ...... 1 .......I 1.41 1 ..I.,I.I ....... I ....... 1 .......I ....... 1 ...... 1 ....... 1 ..... 1 

Uepar fromsvearl t u  r e I 1 
normal .... -0.09 -0.03 . 
P. af. 

Apr. 20. 
21.. 
36 ..... 
30. 

...... 1 1.21 1 1.09 1 1.03 1 0.M l ( 0  .93)1 ....... I ....... 1 .......I ...... 
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- 
p. Y. 

(d )  To verify the general e uation by deducing some 

(e) To confirni the above results by experiment. 

special cases actually observab P e with parallel rays of the 
sun. 

Dates. A. Y. P. Y. Dates. A.M.  P. Y. Dates. A . M .  P.Y. 

----__--- !-I- 
1917. mm. mm. 1917. mm. mm. 1917. 

dpr.2 2.74 3.00 Apr.8 3.15 3.63 Apr.6 
6 2.62 2.n 9 3.45 4.47 7 
9 2.74 5.36 18 7.29 l a 2 1  20 

12 4 3 7  3.63 21 5.16 5.16 21 
13 1.68 3.30 .................... 23 
21 4 7 5  6.02 .................... 24 ........................................ 25 .................................. 26 ........................................ ................................................ ...... I 30 

.................... ........I : ..... ::::::I ........ ................................. ........ 

TABU 2.- Vapor ~ T G S U T ~  at Pyrlrcliomctrk stations on days w h  solar 
. mdiution intGnsitics were measured. 

W- D. C. [I Madison. Wls. [I Lincoln, Neb .  [I Sants Fe, N. Yex. - 
A. Y, - 
tam. 
4 17 
457 
4.37 
3.30 

Z 87 
3.45 
4.57 
9.14 
4.57 
9.14 

a 16 a m  

- 

Dates. 

1917. 
Apr. 8 

4 
7 
9 

10 
11 
14 
16 
17 
23 
27 
30 - 

1.96 

I' 8 X 

II I I II I I II I I  

TABLE 3.-Daily totals and dp artures of solar and sky r d k l w n  duriit!l 
l p r i l ,  1917. 

[Gramcrrlories per squm centimeter of horizontal surface.] 

Daily totals. )epnrturesfrom normd Excess or deflclency 
sine M t  of month. 

FIG. 1. 

2. Let t,he rectangular coordinate axes be drawn as in 
figure 1, (-s,O,c), (O,O,h) and (z;y,O) being the mor- 
dinates of a source of light, L ,  of an observer's eye E, 
and of a point R in the arc R,R of t,he rainbow, respec- 
tively. 

And let e deiiote the nngle hetweeii the incident ray 
LR a. id the effective rap HE. 

Then we obt,aiii from the triangle ERL, 

- 
Lln- 
coln. 

rloria 
3oe( 
BW 
2u3 
147 
460 
358 
64 

551 
522 
425 

336 
508 
371 
493 
Bo 

249 
305 
m 
305 
245 

- 

...... 
527 
509 
438 

1139 
91 
76 
46 

234 

%a 

160 

- 
Lin- 
coln. 

Day of 
month. 

-- 
Lin- 
coln. 

- 
Wash- 
ngton. 

af.Uries. 
100 

-91 
147 
144 

-332 
-197 

189 
-124 

189 
208 

177 
-67 

-251 
178 
-3 
180 w 
45 - 12 

-7 

...... 
-51 
145 
113 

1 
-218 
-347 

46 
-3% 
-195 

110 

....... 

...... 

...... 

5 5  
[OBI! 

- 
Madl- 
son. 

dories. 
-307 

149 
-71 

-232 
-225 

200 
-116 

231 
1% 
108 

116 

207 
1 

139 
-236 

72 
-103 
-138 
-39 

- 

im 

...... 
166 

2 
40 

120 
-340 
-64 
IO3 

-175 
-374 
- 3 a  

...... 

...... 

- 
Wash- 
ngtnn. 

dorit& 
lnrl 

Y 
156 
:um 

-32 
-222 - 40 
-164 

25 
233 

410 
353 
102 
280 
277 
457 
551 
596 
584 
577 

344 

126 
I71 
784 
785 
567 
221 
266 

-5s 
-253 
-143 

-720 

-1,500 
-4. a 
- 

- 
Madi- 
son. 

rlarien 
-73 

1 
-1W 
-237 

75 
-27 

-322 
164 
134 
36 

-54 
117 

-20 
101 

-333 
-144 
-SI 

18 
-80 

-151 

...... 
I30 
111 
30 

-167 
38 

-308 
-3% -ai 
-169 
-244 

...... 

...... ...... - 

ilurira. 
-307 
-1s 
-BY 
-461 
-686 
-4s -m 
-371 - 24.. 
-137 

-21 
107 
314 
315 
454 
21s 
aw) 
187 
49 
10 

I47 

176 
178 
21s 
338 
-2 

-66 
36 

- 139 
-513 -as 
-873 

+675 
+1.9 - 

zloripa. 
--i3 
- 72 
- 252 - 4w 
-414 
-441 
-763 
-598 
-485 
-4% 

-483 
-366 
-3% 
--1R5 
-618 
-762 
-851 
43% 
-9% 

-1,079 

-a 
-949 
-838 
-W% 
-915 
-937 

-1,246 
-1 571 

-2. o!l6 
-2,340 

-1,261 

-2.708 
-7.2 

-1:927 

- 

Apr. 1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

11 

13 
14 
15 
16 
17 
151 
19 

la 

a0 

where 

Substituting (3) in (l), and remembering the relation 

DZ= ((!-h.)Z+$, 

D2 - 9 - h.2 - 82 = - 2c]hl or 

we have 

(3) 

na the required equation. 
The c.urve is symmetrical about the axis of 5, but not so 

sim le as to be traced. Since the equation contains the 
angL e and the coordinates of the eye, E, the position of 
the rainbow will be different as we look with the right e e 

3. When both the source of light, L, and the observer's 
eye, E, are in the 2 axis, we may put s = 0, so that we have 
from (3) 

hence 

( d l  + X 8  + 2 + y * ) Z  = (h3 +2 + y Z )  (8 +s? + X 3  + 
!/z + ~ Z S ) C O S ~  

or with the left. This was actuall the case even with t B e 
horizontal rainbow observed on t K e surface of the moat. 

(ih + = (c' + $1 (h.2 + 19) cosae, 

(en. + 9 1 2  sin2B = [ (c' + 9) (h* + P) - (ch, + la)2] cosae, 

ch+la= * ( ( C - ~ ) T  cote. 

= (c- h.)*laco8ze, 
therefore 

The plus or minus sign should be taken according aa 
c > h  or c<h.  

21 388 801 
22 587 1u) 

104 

23 p (  E 
166 
5oa 
134 
206 
574 

392 
549 
274 
77 

103 

'Decade departuro.. ......... 
Excess or deflcioncy calw h... ... 

sinrefirst ofyear..{Percent _ _ _ _ _  
cr/. 5 9 3  : 4 r 4  

EQUATION OF 
I 
INTAL BAINBOWS.' 

[Paper read before the Tokyo Mathematic~physIca1 Society, Jan. 20, 1917.1 

By K~KICHI  OTOBE. 

1. The subject of this paper was suggested to me 
when the horizontal rainbows were being demonstrated 
[ . MONTHLY WEATHER REVIEW, Jan., 1917,45:5]. My 

(a) To deduce the general equation of the horixonttd 
rainbows due to a source of light a t  a finite distance from 
the observer. 

( 6 )  To show that the curves are. not in general the 
conic sections ; 

(e) But when the straight line passing through the 
source and the observerls eye is perpendicular to the 
plane sheet of fine water drops, the curves become con- 
centric circ.les . 

o 1 ject is: 

I Repriruedfrorn Jour. Xoteorol. SOC. Japm. F h .  1917, 3b: 7-14. 


